Numerous long-term studies have shown that treatment with dental implants can provide edentulous patients with a more stable alternative to complete dentures and partially edentulous patients with a more conservative form of tooth replacement than conventional fixed partial dentures. Until recently, commercially available dental implants have been limited to diameters ranging from 3.0 mm to 7.0 mm. Although this range of diameters has been able to address most clinical needs, partially edentulous patients who could not accommodate a 3.0-mm-diameter implant without damaging adjacent dental structures were excluded from implant therapy. This article reports on the surgical treatment and immediate restoration of a patient who received mini implants that were 2.4 mm in diameter.
INTRODUCTION
E ndosseous dental-implant rehabilitation can provide partially or completely edentulous patients with function and esthetics similar to natural dentition while preserving adjacent teeth. [1] [2] [3] In clinical situations where residual dentitions are healthy and there are no systemic contraindications, dental-implant therapy may represent the highest standard of care for tooth replacement.
Commercially available dental implants generally range in diameter from 3 mm (ie, ''narrow diameter'') to 7 mm (ie, ''wide body,'' ''wide diameter''), with the vast majority of implants falling in the ''standard diameter'' range of 3.7 mm to 4.0 mm. 4 When placing dental implants in partially edentulous patients, it has been recommended to maintain 2 mm to 3 mm of available space between the surface of the implant and the residual dentition to avoid impinging or damaging the periodontal ligaments of the adjacent teeth. 5 Unfortunately, some patients have been traditionally excluded from the benefits of implant therapy because they lacked adequate mesiodistal edentulous space to accommodate even a narrow-diameter implant.
Implants with diameters 2.7 mm (ie, ''mini implants'') were initially developed for placement in conjunction with standard- diameter implants to stabilize and retain an interim prosthesis during the healing phase. 4, [6] [7] [8] Other research has suggested that the pull-out strength of endosseous implants may be based on the length rather than the diameter of the implant, 9 and histologic analysis has shown that mini implants undergo osseointegration comparable to that of larger-diameter implants. 10 These findings have led some clinicians to advocate the use of mini implants to support and/or retain definitive prostheses. [11] [12] [13] This article reports on the clinical use of mini implants in a patient with congenitally missing mandibular canines with limited mesiodistal bone dimension.
CLINICAL REPORT

Evaluation and case planning
A 22-year-old female presented for prosthodontic evaluation and rehabilitation of congenitally missing mandibular canines (Figure 1 ). The patient had undergone orthodontic rehabilitation within the past year and was currently wearing an interim removable partial denture. Her medical history was unremarkable. Clinical and radiographic evaluations revealed slightly less than 5.0 mm of mesiodistal bone in the mandibular left canine location and 5.0 mm of mesiodistal bone in the mandibular right canine location ( Figure 2 ). Despite the recent orthodontic treatment, the lateral incisor roots appeared distally inclined on the radiograph, which further limited the available space for the safe placement of a standard-diameter implant.
Occlusal analysis revealed an important finding of group function in lateral excursions, with infraerupted opposing dentition providing minimal-load potential in the area of the missing teeth (Figures 3 and 4 ). Given the mesiodistal limitations of both edentulous spaces and the possible weakness of the adjacent mesial abutments, a conventional fixed prosthesis would necessitate splinting the prosthesis from the central and lateral incisors to the first premolar bilaterally. Thus, an 8-unit, fixed partial denture would be needed to replace the 2 missing teeth. The patient rejected this radical approach to achieve a fixed restoration. Although a removable partial denture may have provided reasonable function, the patient considered a removable appliance unacceptable and preferred implant replacement of her missing teeth.
Although limited mesiodistal edentulous spaces contraindicated the placement of standarddiameter implants, mini implants would also normally be contraindicated in locations with heavy lateral occlusal contacts. In this particular case, however, most of the lateral load was shared by the posterior teeth, and it was felt that mini implants could be safely used. The treatment plan and alternatives were thoroughly reviewed, and the patient provided signed informed consent prior to surgery.
A single-stage mini implant (Imtec Sendax MDI, Imtec Corporation, Ardmore, Okla) 2.4 mm in diameter with an intraosseous depth of 15 mm was selected to support a single-tooth restoration in each edentulous location.
Surgical procedures
The patient was prescribed 500 mg of amoxicillin 3 times a day for 7 days and instructed to start prophylactic antibiotic therapy 1 day prior to implant surgery. On the day of surgery, the patient was administered local anesthesia. 14 A small crestal incision was made, and a minimal, fullthickness, mucoperiosteal flap was reflected to ensure that the implant threads were properly submerged in the bone, as well as to centrally position the implant in the available edentulous space ( Figure 5 ).
The technique for placement of the mini implant consisted of a single drill that was 1.0 mm in diameter and used a rubber stopper placed at a predetermined length ( Figure 6 ). The pilot hole was only drilled to half or less of the implant length to be used, depending on the bone quality, and the implant was autoadvanced until full placement was achieved. [10] [11] [12] [13] In type II bone, 12 it was recommended that the rubber stopper should be placed at no more than half the intended depth of the implant. 12 Following this recommendation, the stopper was carefully placed on the drill at 7.5 mm because the intraosseous portion of the implant to be used was 15 mm in length ( Figure 6 ).
Surgical entry with the 1.0mm-diameter bur was performed in the presence of copious irrigation. Because only 1 bur would be used prior to placing the implant, a slow-penetration technique was used to ensure that the angle was correct relative to the adjacent dentition and planned prosthesis. 15 The 5.0-mm mark was reached very quickly because the bone quality was closer to the more-porous type III 16 bone than the anticipated type II 16 bone. For this reason, further penetration with the drill was abandoned and a 2.4-mm-diameter implant was selected in accordance with the implant manufacturer's recommendation for type III bone quality. Primary implant stability or lack of micromotion is critical in implant survival and success, 17, 18 and placement of a slightly wider implant was aimed at achieving this objective. A periapical radiograph was taken with the pilot drill in place to confirm proper angulation of the osteotomy at the depth of 5.0 mm. 19 A 2.4-mm implant was initiated (Figure 7) into the site and placed first with a titanium finger driver (Figure 8 ) and then with a winged driver (Figure 9 ) according to the manufacturer's protocol. The ratchet was used only for the final few turns when resistance increased ( Figure 10 ), and extreme care was used not to fracture the implant. 12 In the authors' experiences, if considerable tactile resistance is encountered the implant should be reversed a few turns, irrigated with sterile saline, and slowly retightened. In most situations, this will place the implant to the desired depth. Only in rare conditions where the inferior cortical plate is being engaged will the clinician need to remove the implant in its entirety, use the pilot bur again to deepen the osteotomy, and then place the implant. After placement, primary implant stability was evaluated with a torque wrench calibrated to 35 Ncm according to the manufacturer's recommendation. The same surgical procedures were repeated contralaterally for the missing left mandibular cuspid (Figure 11 ).
Primary soft tissue closure was achieved using a conventional mattress-suturing technique with Vicryl 4.0 sutures (Ethicon, Sommerville, NJ). A postoperative Panorex radiograph ( Figure  12 ) revealed desirable miniimplant placement in the mesiodistal centers of the edentulous spaces without compromising adjacent teeth. A definitive impression (Reprosil, Dentsply Caulk, Milford, Del) using impression copings (Imtec Sendax MDI) was made at the time of surgery ( Figure 13 ). Interim bis-acrylic composite crowns (Luxatemp, DMG Hamburg, Germany) were fabricated with an indirect technique and cemented on the same day using provisional cement (Improv, Nobel Biocare, Yorba Linda, Calif). The interim crown was kept out of occlusion, with minimal interproximal contacts. This approach is defined as nonfunctional immediate loading. 20 These interim crowns were meant merely for esthetics rather than function ( Figure 14 ). The patient was provided with home care instructions and discharged.
Ten days after surgery, the patient was recalled for evaluation and reported only minimal discomfort postoperatively. The tissues were healing in an acceptable manner, and the implantsupported crowns exhibited no visible mobility to manual testing. The definitive implantsupported crowns were delivered within 2 weeks of surgery, which is considered to be immediate or immediate-delayed occlusal loading (Figure 15 ). 20 The maxillary lateral incisors were subsequently restored with incisal composite restorations to improve esthetics, but were still left out of occlusal contact.
DISCUSSION
Dental implants are now considered the treatment of choice for replacement of all forms of tooth loss. Apart from providing function and esthetics similar to natural dentition, they also provide the most conservative treatment option, especially for single-tooth restoration. Until recently, dentalimplant treatment was limited to patients with a minimum of 7 mm to 8 mm of available mesiodistal bone width to enable the placement of a 3.0-mm-diameter implant without impinging on the roots of the adjacent teeth. The availability of mini implants 1.8 mm and 2.2 mm in diameter, and FDA approval for use as definitive prosthesis support and retention, has opened new dimensions in oral-implant restoration. Mini implants obviously have less surface area available for osseointegration compared to narrow-diameter implants, and this may be a handicap in some clinical situations. In the present case report, the patient's minimal mesiodistal space precluded the use of narrow-diameter implants, but also presented a very favorable occlusal scheme that enabled immediate loading of two 2.4-mm-diameter implants with single-tooth restorations. Apart from a conservative approach and no adjacent tooth modification, additional benefits to the patient were reduced cost and fixed restorations.
CONCLUSIONS
Mini implants are indicated for areas where the use of narrowdiameter implants (3.0 mm) are contraindicated. Until long-term longitudinal clinical data on mini dental implants are unavailable, their use should be limited to areas with potentially less occlusal load.
